OPTOELECTRONIC-DEVICE SUBSTRATE, METHOD FOR DRIVING SAME, 
DIGITALLY-DRIVEN LIQUID-CRYSTAL-DISPLAY, ELECTRONIC APPARATUS, 

AND PROJECTOR 



BACKGROUND OF THE INVENTION 

1. Field of Invention 
le present invention relates to an optoelectronic-device substrate, a method 
Sstrate, a digitally-driven liquid-crystal display, an electronic apparatus, and 

a projector. 

2. Description of Related Art^ ^^P 0J ^ <LCl ^ qjJ* 

[0002] In gonoral^optoelectronic panels ofterfused f<(fa display-have, for example, 
a liquid-crystal part between a pair of substrates bonded together via a sealing material. 
These optoelectronic panels have an electrode on one of the surfaces of the substrates, the 
surfaces facing each other. A voltage according to an image to be displayed is applied on the 
electrode via routing wiring c ^^^ d ^^ e e ^ ctrode - 




fashion. In anotiiejicase^a^lSge^ applied on the liquid-cryst al part in a digital fashion 
ft-*™* nr eve.™ one sub frame" (Refer to milumiifoi ' on/ff 1 , for example.) Further, 



[0003]/ In thepa*f, a voltagej^applied on the liquid-crystal part in an analog 

d oi 

every one frame or every one sub frame" '(Refer to pulunt rofoiW 

after a positive effective voltage applied on the liquid-crystal part, a negative effective 
voltage withSnitude substantially the same as that of the positive effective voltage w^J 

applied so as to prevent electrical charges from being accumulated in liquid-crystal V 

molecules. Subsequently, electrical charges remaining in the liquid-crystal part vistaS 

cancelled. 

f 0004] — [Patent Rcfcronoo 1] 
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" SUMMARY OF THE INVENTION 

[0006] However, it is difficult to cancel electrical charges completely in the case 
where a positive voltage and a negative voltage are applied every one frame in the analog 
fashion or the digital fashion. Therefore, with the passage of time, electrical charges are 
accumulated in the liquid-crystal part. Subsequently, the liquid-crystal molecules deteriorate 

100071 Further, the accumulation of the electrical charges becomes the cause of 
image persistence in the liquid-crystal part. ^ 

|0008] The present invention hao boon achieved ft/ solvipfthe above-described 
problems and the ubjuit thcroof ir tn provided optoelectronic-device substrate used for a 



display panel that can display an imag^ with high quality and high contrast according to a 

digital driving method, a method ^driving thjf substrate, a digitally-driven liquid-crystal. 

display, an electronic apparatus, and a projector. <j^_ ar&*f ^^J^s^Y**- * * 5 

[0009] cnivmg thn abxote-d - serife nf1 pwMelna nml nohiovinc the above 
des«ibed-ohiect> the present invention provides an optoelectronic-device substrate including 
a memory-cell array including a plurality of memory cells that is arranged in matrix form and 
digitally driven and a pixel electrode fcJrlStrievlgg pixel data stored in the memory cells^as an 
electrical signal. In this case, each of the memory cells has a phase-inversion circuit kft 
invertfi|| the phase of transmitted pixel data, or a data-inversion signal whose phase is 
inverted by the phase-inversion circuit is transmitted to the pixel electrode. Subsequently, it 
becomes possible to cancel an electrical charge remaining in a liquid-crystal layer or the like 
in the memory cell. Further, it becomes possible to display an image with high quality and 
high contrast through the digital-driving method. 

[0010] Further, according to a preferred mode of the present invention, each of the 
memory cells cw^fiMsa^ge unit f^ori^the pixel data, a first analog switch 
generat^fthe data-inversion signal, based on the phase-inversion signal, and a second analog 
switch f5twitch^g between the data-inversion signal from the first analog switch and a 
zero-data signal. The data-inversion signal may preferably be selected when the pixel data is 
stored in the storage unij_and the zero-data signal may preferably be selected when the pixel 
data is not stored in mirage unit. Therefore, since the memory cell has the data-mversion 
function, the driving capability of a phase-inversion-signal shift driver that w41W*/described 
krtefcan be reduced. 

[001 1 ] Further, according to another preferred mode of the present invention, the 
storage unit may preferably be formed as an SRAM. Subsequently, it becomes possible to 
reliably hold data in a digital fashion. 

[0012] Further, according to another Pegged mode of the P resent invention, the 
memory-cell array may preferably ^plurality of first signal lines W£onnect#g one 

group of address terminals included in one group of the memory cells in parallel, the one 
group of the memory cells being provided along a row direction, a plurality of second signal 
lines fe^connecuyg one group of data terminals included in one group of the memory cells in 
parallel, the one group of the memory cells being provided along a column direction, and a 
plurality of third signal lines i^eonnectifg one group of phase-inversion terminals included 
in one group of the memory cells in parallel, the one group of the memory cells being 



provided along the row direction or the column direction. Further, the optoelectronic-device 
substrate may preferably further co mpriof afost driver circuit %r&ransmit1$4g address signals 
in sequence to the memory cells via the plurality of first signal lines, the memory cells being 
provided along the row direction, a second driver circuit Sqr*?ansmit0<g the pixel data to the 
memory cells at one time via the plurality of second signal lines/the memory cells being 
provided along the column direction, and a third driver circuit MfransmittJ<g phase- 
inversion signals to each group of the memory cells via the plurality of third signal lines, the 
group of the memory cells being provided along the row direction or the column direction. 
Accordingly, it becomes possible to store two-dimensional data, such as image data, in the 
plurality of memory cells. 

[001 3] Further, according to another preferred mode of the present invention, the 
third driver circuit has a phase-inversion circuit fts^inverfyg the phase of the pixel d aj&m^ 
the phase-inversion circuit inverts the phase of the pixel data before the pixel data is 
transmitted to the memory cells. Subsequently, it becomes possible to reduce the number of 
transistors forming each memory cell, whereby the size of each pixel is reduced. 

[001 4] Further, accordjng^t o another preferred mode of the present invention, the 
memory-cell array co mprio rfsa plurality of first signal lines ftsf connect^ one group of 
address terminals included in one group of the memory cells in parallel, the one group of the 
memory cells being provided along a row direction, a plurality of second signal 
connecting one group of data terminals included in one group of the memory cells in parallel, 
the one group of the memory cells being provided along a column direction, and a plurality of 
third signal lines ft^connec^g one group of phase-inversion terminals included in one group 
of the memory cells in parallel, the one group of the memory cells being provided along the 
row direction or the column direction. The optoelectronic-device substrate may fur&er 
Gampa^row^ddress-decoder driver circuit fcrttansmitty*g row-address data fcfSelectjfrg 
any of rows of the memory cells via the plurality of first signal lines, the memory cells being 
provided along the row direction, a column-address-decoder driver circuit fkftransmiqftg 
column-address data fej^se1ecth*g any of columns of the memory cells via the plurality of 
second signal lines, the memory cells being provided along the column direction, and the 
pixel data output to the memory cells designated by the row-address data and the column- 
address data, and a phase-inversion driver circuit Ifcfensmitt^g a phase-inversion signal to 
each group of the memory cells via the plurality of third signal lines, the each group of the 
memory cells being provided along the row direction or the column direction. According to 
this configuration, it becomes possible to select a predetermined memory cell at the 
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intersection of any row and any column by using the row-address data for selecting any of 
rows of the memory cells and the column-address data ft^sdect^g any of columns of the 
memory cells. Further, it becomes possible to rewrite the pixel data of the selected arbitrary 
memory cell on a random basis, irrespective of the arrangement of the memory cells. As a 
result, it becomes unnecessary to transfer pixel data to be displayed to the memory cells 
whose pixel data(ne^jp»jfto be rewritten. Subsequently, the power consumption required 
for the data-rewriting operation decreases. Consequently, it becomes possible to reduce the 
power consumption required for an image-display device, such as a digitally-driven liquid- 
crystal display, an electronic apparatus, a projector, and so forth, the image-display device 
using the above-described optoelectronic-device substrate. 

[001 5] Further, according to another preferred mode of the present invention, the 
phase-inversion driver circuit has a phase-inversion circuit fttfmverti^ the phase of the pixel 
data. The phase-inversion driver circuit may preferably invert the phase of the pixel data in a 
predetermined cycle regardless of the number of the memory cells whose display information 
is rewritten according to the pixel data. For example, in the case of a liquid-crystal display 
including the optoelectronic-device substrate is used, it becomes possible to perform 
operations l^rerreshi^g display data applied on a liquid-crystal layer of the liquid-crystal 
display. That is to say, it becomes possible to perform the refreshing operation (phase- 
inversion process) with cycles according to the liquid-crystal performance regardless of 
whether or not the pixel data to be displayed is changed. In the case where the liquid-crystal 
display displays a still image, the refreshing operation (the phase-inversion operation), which 
is necessary *frlfisplay^ a moving image, can be omitted. Subsequently, it becomes 
possible tofprevent image persistence on the liquid crystal by performing a minimum of the 
refreshing operation according to the performance of the liquid crystal. -Consequently, it 
becomes possible to reduce the power requirements of an image-display device, such as a 
digitally-driven liquid.Tcrystal.dispJay, an electronic apparatus, a projector, and so forth, the 
image-display device using the above-described optoelectronic-device substrate. 

[001 6] Further, the present invention provides an electronic apparatus having the 
above-described optoelectronic-device substrate and a display unit f^dlsplayi^g an image 
through the optoelectronic-device substrate. Subsequently, it becomes possible to display an 
image with high quality and high contrast. 

[001 7] The present invention provides a projector having a light-source unit fV 
supplyh|| illumination light, the above-described optoelectronic-device substrate, a display 
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unit display^ an image by using the optoelectronic-device substrate, and a projection- 
lens system tof^ojectijfe the image of the display unit. Subsequently, it becomes possible to 



project an image with high quality and high contrast. 



[0018] According to another preferred mode °^ e r P re j^^ entio ^ a method ^ 
driving an optoelectronic-device substrate c omprising memory-cell array including a 
plurality of memory cells that is arranged in matrix form alo^aj^lirection and a column 
direction and that is digitally driven preferably comprises"! a phase-inversion process fof^ 
inverting the phase of the pixel data transmitted to the memory cells. Subsequently, electrical 
charges remaining in, for example, a liquid-crystal layer in the memory cell can be cancelled. 
Further, it becomes possible to display an image with high quality and high contrast by using 
the digital-driving method. 

[001 9] Further, according to preferred mode of the present invention, in the phase- 
^^Hvemorrpre^s^the pixel data is subjected to pulse-width modulation, one frame is divided 
into a plurality of s^jr^mes, and the phase of the display data in the sgb^^nes is preferably 
O^ff shifted to the plus side to the minus side with about one-half cycles. Subsequently, it 

becomes possible to cancel an electrical charge fcf^reducifhg deterioration of liquid-crystal 
molecules in a liquid-crystal dispjayj^el^fbr example. Accordingly, image persistence in 
the liquid-crystal part c(an be/prevented, 

[00201 According to another preferred mode of the present invention, in the phase- 
inversion process, the memory cells provided along the row direction are preferably selected 
in sequence and the phase of the pixel data is inverted at the same time. Subsequently, it 
becomes possible to efficiently perform sub-frame rewriting without wasting time. 

[0021 ] According to another preferred mode of the present invention, the phase- 
inversion process includes/sub-frame-eyele varying process M making a cycle of the sub^> 
frames variable through changing a cycle with which the phase-inversion signal is transmitted 
-to-the memory cells -provided along the row direction. and.a cycle with, which the pixel data is 
transmitted to the memory cells provided along the row direction. Subsequently, it becomes 
possible to arbitrarily change the cycle of the si^^mes. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] Fig. l/shows ftn gto^fe r _ " f a reflection liquid-crystal 

display panel according to a first/embodiment of the present invention.' 

|0023] Fig. 2&hows the cchcmuliu uonfifcunition of an optoelectronic-device 



substrate according to the first^mbodimentj 




[0024] Figs. 3^ and 3^show t ho oonfiguntinn nf a memory cell according to the 
first/embodiment^ _ j^^, 

[00251 Fig. Vmustrates a voltage applied to a liquid-crystal layer; 
[0026] Figs. 5^4and illustrate a 8db^«Qed^™g r^ettiodj 
[0027] Figs.6^6a^dJ^il^ratePWMj . 
10028] Fig. 7>snows thu bblicmalii cuiifj^uiatio^f^ ^xampl8modification of the 
optoelectronic-device su 05 ^^^ 0 ^ 111 ^^ firsfrembodiment; 

[0029J^ Fig. 8 Allows UiL schematic umfiguialluU uf a row driver according to the 

firsl/!mDoauTien^ jjUr+tr*" 

[0030] Fig. 9>shows t hu uiliomotic. aanfigurotion of a column driver according to the 

first4mbodiment^ 

[0031] Fig. 10 is a timing chart of the column driver according to the first <2***P 

embodiment^ ^^mmP^ * 

[0032] Fig. 11 is a timing chart of the row driver according to the first/embodimentj- 
[0033] Fig. 1 2 is a timing chart relating to data transmission according to the first A^/ 

embodiment^ 

[0034] Fig. 1 3 is a timing chart ^ s ^^S^^ elaXionshi P between me row driver 
and the column driver according totfiejf^y^mb^imen^ 

[0035] Fig. 1 4/shows the achomatiu tunfi^tuatiuii of a phase-inversion-signal shift 
driver according to the first/embodiment; 

[0036] Fig. 1 5 is a timing chart of the phase-inversion-signal shift driver according 

to the first/embodimenty 

[0037] Fig. 1 6 is a timing chart illustrating how s<£fiSfries according to the first ei**** fb»f 

- embodiment-are-displayed in sequence; c KJ J ^ nS> 

[0038] Figs. 17j^and 17($ illustrate th u c u nfigurotion of a memory cell according 
to a-second/embodiment of4he-present invention; — 

[0039] Fig. 18/sh6ws t hu Behem«tfe LUiifi f i li ation of an optoelectronic-device 
substrate according to a third/embj^ent of^present invention; 

[0040] Fig. 1 9 Slows t he schematic luufigui^ition of a projector according to a fifth cy*Wt"> 

embodiment of the present invention, ^Jbu^"^ 

[0041] Figs. 20(rf£20(g)?and 20(«f are external vfnw of electronic apparatuses 
according to a sixth ^rnoodiment of the present invention} 
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[0042] Fig. 2 l^shows thgr sclienialii ujiifiguration of an optoelectronic-device 

substrate according to a fourth >fembodiment^the present invention^ 

[0043] Fig. 22 4iiows t ^Dchonialic luiifi^uidliun of a phase-inversion-signal driver 
t^u* far* 

according to the fourth^mbodiment. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS , 
[0044] Preferre d embodiments of the present invention will now be described in 

detail with reference to th **J^^ ed drawings- 
[0045] (First^mbodiment) 
[0046] (Reflection liquid-crystal display panel) 

[0047] Fig. 1 is a sectional view of a reflection liquid-crystal display panel 10 
including an optoelectronic-device substrate according to a first/embodiment of the present 
invention. A circuit-forming layer 12 including pixel electrodes 17 is formed on a silicon 
substrate 11. The pixel electrodes 17 are arranged in matrix form. A transparent substrate 14 
is provided so as to face the silicon substrate 1 1 . An liquid-crystal layer 1 5 is formed 
between the silicon substrate 1 1 and the transparent substrate 14. The liquid-crystal layer 15 
is sealed by a sealing material 13. 

[0048] A counter COM electrode 16 is formed on the silicon-substrate-11 side of 
the transparent substrate 14. A terminal pad 19 is provided on one end of the silicon substrate 
11. A flexible-tape wiring 21 is bonded to the terminal pad 19 by using an anisotropic 
conductive adhesive 20. 

10049] The elements of the reflection liquid-crystal display panel 10 are all formed 
on the circuit-forming layer 1 2 on the silicon substrate 1 1 . A driving circuit Uff dnvij(g the 
pixel electrodes 17, and a row driver, a column driver, and a phase-inversion-signal shift 
driver that are provided near-the substrate are -formed near and around the pixels on the same 
substrate. 

[0050] The reflection.liquid-ciystal display panel 10 has two main characteristics. 

One of the two main characteristics is that a voltage is applied to the liquid-crystal layer 15 in 
a digital fashion and a pair of voltages inverted to each other, that is, a positive voltage and a 
negative voltage, is applied to the liquid-crystal layer 15 in one frame (or one ^@me that 
wiJJ-Wclescribed kOel'^The other of the two main characteristics is that a sub-frame driving 
method described4ateTis used ft^displayi)<g an image and rewriting is perfOTmed for each of 
i; n »c A<f^nl*viW6 the lines in seauence. These characteristics wili-bedescribed kaerin 



detail. 




[00511 (Schemati/configuration of Optoelectronic-Device substrate) 
[0052] Fig. 2 is /block M^jfjT v^^? the inner configuration of the circuit- 
forming layer 12 including the driving circuit and the above-described drivers. The circuit- 
forming layer 12 has a memory-cell ariay (a digital storage) 140,ja row driver 1 10, a column 
driver 120, and a phase-inversion-signalW driver 130. Signajs DY, DATA, and DFC are 
transmitted from a control ctfcuU(not shown) Jodie drive rsJjQ l20, and 1 30, respectively. 
Further, clock signals ^(^^LX.^S^LFC.^CLFCjre transmitted from the 
control circuit to me drivers 1 10, 120, and 130, respectively. 

[0053] hi aria ApcdfiuiLiun, jiyiaU having oymbul // ut the tup uf thth iifuuiu, 
c har actr rr rn nrrp nni f ric i r 1 - hwing 1 1 refercnee nhnmotoro. tho oignalo bainr , 

BhpwH i r the dtaadng The logic levels of signalsAaving iwiUiu symbols ii ran bars and 
those of tho signals having sywbofa ff nr bars are invert**© one another. 

[0054] The memory-cell array 1 40 includes a plurality of memory cells 1 01 that is 
arranged in two-dimensional matrix form (array form) and can store image data 
corresponding to one screen. Each of the memory cells 101 includes a pair of data terminals 
102dl and 102d2, an address terminal 102a, a phase-inversion terminal 102f, and an output 

terminal (not shown). 

[0055] The memory-cell array 1 40 includes a plurality of address lines (first signal 
lines) 111 that are electrically connected to the row driver (a first driver circuit) 110, a 
plurality of a pair of data lines (second signal lines) 120a and 120b that is electrically 
connected to the column driver (a second driver circuit) 120, and a plurality of phase- 
inversion-signal lines (third signal lines) 131 that is electrically connected to the phase- 
inversion-signal shift driver (a third driver circuit) 130. 

[0056] The address lines 111 connect the address terminals 102a of the plurality of 

memory cells in parallel, the memory cells being arranged along the row direction (a first 
-direction). The-data lines-120a connecUhe data terminals 102dl of the plurality of memory 
cells in parallel, the memory cells being arranged along the column direction (a second 
direction orthogonal to the first direction). Similarly, the data lines 120b connect the data 
terminals 102d2 of the memory cells in parallel, the memory cells being arranged along the 
column direction. The phase-inversion-signal lines 131 connect the phase-inversion terminals 
102f of the plurality of memory cells in parallel, the memory cells being arranged along the 
row direction (the first direction). 

[0057] (The configuration of Memory cell) 
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|0058] Fig. 3{*<^shows the schematic configuration of the memory cell 101. The 
memory cell 101 has a storage unit 200 and two analog switches SWl and SW2. The storage 
unit 200 is formed as an SRAM for storing image-data signals DATA and *D ATA that are 
transmitted from ends Dn and *Dn*of the column driver 120. The first analog switch SWl 
transmits a data-inversion potential Dout to the second analog switch SW2, based on a phase- 
inversion signal FC. The second analog switch SW2 transmits either the data-inversion 
potential Dout transmitted from the first analog switch SWl or a reference potential COM to 
the pixel electrode 14 according to the data stored in the storage unit 200. The reference 
potential COM is equivalent to a potential given to the counter COM electrode 16 shown in 
Fig. 1. In the case where the storage unit 200 stores the image-data signal DATA, the data- 
inversion potential Dout is given to the pixel electrode 14. Therefore, a voltage obtained by 
subtracting the data-inversion potential from the reference potential COM is applied to the 
liquid-crystal layer 15. In the case where the storage unit 200 does not store the image-data 
signal DATA, the reference potential COM is given to the pixel electrode 14, whereby the 
difference between the potential of the pixel electrode and that of a common electrode 
becomes zero. In this case, no voltage is applied to the liquid-crystal layer 15. 

[0059] Fig. 3$) illustrates transistors of the memory cell 1 01 for describing the 
configuration of the memory cell 101. Transistors Tl to T6 correspond to the storage unit 
200. Transistors T7 to T10 correspond to the analog switch SW2, and transistors Tl 1 to T12 
correspond to the analog switch SWl, respectively. Since the analog switch SWl is formed 
in the pixel, the driving capability of an FC line can be reduced. 

[0060] Since the memory cell 1 01 has a memory formed as an SRAM, the column 
driver 120 transmits a signal #Dj Reference character j is an integer from 0 to m. ft 
Reference character m is4hecolumn-number^f the pixel array:) to the memory-cell array 140. 
Although a signal Dj may be given to the memory-cell array 140, in the case where the 
signals Dj and j?Dj"are given toihe memojy-cell .array.140, the speed of data determination 
increases. Therefore, the signahrDj-and *Dj may preferably be given to the memory-cell 
array 140. The memory of the memory-cell array 140 may be formed as a memory that does 
not require the signal #Dj. In this case, the columnjttver 120 may not output the signal **Dj 
to the memory-cell array 140. However, in this/embodiment, the memory in the memory-cell 
array 140 should be formed as an SRAM memory for at least the following two reasons. 
First, since the configuration of the SRAM memory is simple, it is easy to provide the SRAM 
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memory for each pixel area of a spatial light modular. Second, since the SRAM memory 
can operate at high speed, it is suitab le figf hiiagfr-dala processing. 
[0061] (Voltage applied to Liquid-crystal layer) 

[0062] Fig! 4 illustrates a voltage applied to the liquid-crystal layer 1 5. The main 
object of providing Fig. 4 is to illustrate the applied voltage. The applied voltage is one of the 
characteristics of the presenHrjvention. The operations ofjhe drivers HO^O^and 130 
b£ described lat£ in detail/ Further, the s^ame wiWdescribed W. First, an address 
signal Yi (Reference character i is an integer from 1 to n. Reference character n is the row 
number of the pixel array.) from the row driver 1 10 is transmitted to the memory cell 101 
provided along the row direction. A phase-inversion signal FCi (T^e inference character i is 
an integer from 1 to n.) from the phase-inversion-signal shift driver 130 is shifted from H 
level to L level, or vice versa, with one-half cycles within the su£&>me. Further, the data 
signal Dj of the column driver 120 is transmitted according to the address signal Yi from the 
row driver 110. 

[0063] As shown in Fig. 3$, the first analog switch SW1 generates a data- 
inversion potential Douti, based on the phase-inversion signal FCi. Further, the second 
analog switch SW2 switches between the data-inversion potential Douti transmitted from the 
first analog switch SW1 and the reference potential COM. Therefore, in a frame to which the 
data signal Di of the column driver 120 is input, a voltage is applied to the liquid-crystal layer 
15. In this case, a potential given to the pixel electrode is switched between a potential Vcc 
and a potential GND with one-half cycles in the sub frame. The difference between the 
reference potential COM and the potential Vcc is equivalent to the difference between the 
reference potential COM and the potential GND. Therefore, a voltage that has a phase 
opposite to4hose-of- effective- voltages Va and Vb with reference to the reference voltage 
COM and that has a magnitude equivalent to those of the effective voltages Va and Vb is 

-applied to the liquidTcrystal layer. 15.. _. 

[0064] The liquid-crystal layer 1 5 performs a predetermined operation without 
being affected by applied voltages so long as the magnitude of the applied voltages (the 
effective voltages) is identical. The operation of the liquid-crystal layer 15 does not change 
according to whether the phase of each applied voltage is positive or negative. Further, 
positive voltages and negative voltages in equal proportions are applied to the liquid-crystal 
layer 15 in a digital fashion fafproductyg an image display corresponding to one frame. In 
this case, the magnitude of each positive voltage is equivalent to that of each negative 
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voltage. Therefore, no electrical charges remain in liquid-crystal molecules. That is to say, 
almost all the electrical charges are cancelled. Consequently, the electrical chargesremaining 
in the liquid-crystal layer 15 for long time are reduced, whereby image persistenc es 
prevented. 

10065] (Sub-frame driving method) ^ U^***"*' 

10066] The principle of a sub-frame driving method will now b ( f described^ In the 
past, a voltage corresponding to the gray scale of an image was applied to the liquid-crystal 
layer in an analog fashion. The gray scale can be presented according to the magnitude of the 
applied voltage. However^m the case of the reflection liquid-crystal display panel 10 
according^ this/Snbo^mentrbn voltages and off voltages are applied to the liquid-crystal 
layer 15 m^ne-digllaTfeshion as described above. In this case, therefore, it is impossible to 
preseHt-Thesray ficale of the image according to the magnitude of the applied voltages as in 




( There^re i jhe-gfa) 

driving method using pulse-width modulatipgthereinafter -i . -friTrd tn nrPW). 

10067] First, the sub-frame drivm^ method witt-fee^ described/F or^ 
simplicity, the image is presented with eight levels of gray (three bits). In this case, one frame 
includes three s^^nes,^aTfe, first to third s^gjames 1 SF to 3SF. 

[00681 Fig/51^ ilju«frates the arrangement of the pixels. As shown in this drawing, 
an image corresponWto^ne frame is formed by pixels of 1024 rows. Theone frame 
includes first to n-th lines. One si<b^me includes an address period Ta fttr writi^ data to a 
memory cell and a display period Wo?splay«^the image according to the written data. In 
one sub-frame period, the image-data signal DATA is stored in each memory cell (a pixel) so 
as to be^me^bn when the si^b^me has a weight require^ft^playii^^ frame. A 
- metlid^ssi^ing me-wei#it-to-the su^ame wittO^described Jatgfrmttescription of the 
P>^TWrtm^period where the image-data signal DATA is displayed corresponds to a lit 
state. Fig. ^illustrates therelationship between one frame and si^^nes. The one frame 
includes the threB-sg^ames TSF to 3SF. Address periodsTa of the sufe^ames are all the 
same with one another. However, display periods of the su^mes are different from one 
another. The number of the su^ames increases and decreases according to the number of 
gray levels of an image to be displayed. A corresponding to an image that is 

displayed for long tim€^.ch as the sw^fi)me 3g)nay preferably be divided. Consequently, 
spurious profiles areCe^uced, whereby the quality of the displayed image increases. 
[00691 (PWM) 
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The PWMw4tt-m»w^described'with reference to Fig. 6. First, an example where an 

\* 

image is presented with sixteen gray levels (four bits) wiU-btTdescribed. In this case, as 
shown in Fig. 6#ffour sub-frame pulses PO (=20), PI (=21), P2 (=22), and P3 (=23) are 
used, the four sub-frame pulses having weights corresponding to the bits or presenting the 
four-bit gray scale, respectively. Fig. 60tf illustrates the timing chart of the sub-frame pulses 
PO, PI, P2, and P3. As shown in Fig. 6& in the case where an image is presented with ten 
levels of gray, for example, the memory cell is lit in synchronization with the sub-frame 
pulses PI and P3 in the one-frame display period. Consequently, the integral of the lit time in 
the one frame corresponds to the gray scale of the actual image to be displayed. Similarly, 
when the gray level of the image is changed from ten to six, the memory cell is l^jn^ 
synchronization with the sub-frame pulses PI ^d^J^fJ^* 6 * describe <^™ the case of 
the reflection liquid-crystal-display panel of this/embodiment, the gray scale of an image to be 
displayed is presented according to the above-described sub-frame driving method and the 
above-described PWM method. 

[0070] (Example modification of Optoelectronic-device substrate) 

[0071] The principle of characteristic arts of the present invention, the c^racteristic ^ 
arts being used fojrthe optoelectronic-device substrate showRiaJiR. 2, ha&jbg^describedV * "? 
F^^usti^eriods foifreVriti)^ the data signal DATA so that the rewriting periods become 
equal to one another, AND circuits and a signal WE may be used as shown in Fig. 7. The 
difference between the configuration shown in this drawing and that shown in Fig. 2 is that 
the AMD circuits for the address signals Y transmitted from the row driver and the signal WE 
are added. The rest of the configuration shown in Fig. 7 is the same as that shown in Fig. 2. 
Therefore, the same parts are indicated by the same reference numerals and the description 

thereof is omitted. - - fj— i^eX^S 

[0072] The configuration and function of each driver w4tt*ew4*e describedAvith 

.xeference to.the configuration shown in Fig.. 7. 

[0073] (The configuration of Row dijver)^ 

[0074] Fig. 8 is a block diogranflllustrating an example configuration of the row 
driver 110. The row driver 1 10 transmits address signals (scan signals) Yi in sequence, from 
upper downward in the case of Fig. 7, to each group of the memory cells via the address lines 
111 the group of memory cells being provided along the row direction. 

[0075] The row driver 1 1 0 remprio cfa shift-register circuit 1 1 0a having a plurality 
of registers including three inverters and an AND-logic circuit 110b having a plurality of 
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AND gates. The shift-register circuit 1 1 Oa has the serial-parallel-conversion function. An 
address signal DY in pulse form is transmitted to a first regisj^ndtransferred to a second 
register and beyond according to the clock signals CLY a^JtCC^urther, the address signal 
DY is output from the registers. The AND gates of the ANEtfSgte circuit 110b output the 
logical conjunction of data transmitted from two registers adj acent to each other as the 
address signal Yi or the like. Subsequently, the AND-logic circuit 110b outputs the address 
signal Yi with relatively high time resolution, that is, the address signal Yi that is shifted to H 
level only for a short period_of time during which the address signal DY is shifted^ 
clock signals CLY smd #CLY (t)ie one-half cycle of the clock signals CL Y^nd jl^L Y}. 
[0076] (T^eXo« fl g" ration of Colu j^J^u^ 

[0077] Fig. 9 is a block diagKlm^llustrating an example configuration of the column 
driver 120. The column driver 120 transmits the pairs of data signals D and m to the groups 
of the memory cells at the same time via the pairs of data lines 120a and 120b, the memory- ^j^J+s 
cell groups being provided along the column direction. The column driver 120 cowfwises'a 
shift-register circuit 120a including a plurality of registers having six inverters. The shift- 
register circuit 120a has the serial-parallel-conversion function. The image-data signal 
DATA is transmitted to the first register and transferred to the second register and beyond. 
Ettfther, the image-data signal DATA is output fro^ngackregister. A pair of signals Q and 
/ $Q4iiat are output corresponds to the signals D/and *Djh«fwn in Fig. 7. 

[0078] (Timing chart of Column driver) 

[0079] Fig. 1 0 shows a timing chart illustrating the operation of the column driver 
120. As shown in this drawing, each register including the six inverters transfers data in 
sequence at the falling edge of the clock signal CL. 

[0080] As described above, when the enable signal WE is at an H level, the address 
signals Y at the H lev^Ttransmitted to the memory cells on a predetermined row to which 
the data signals f/and Jpjjheuld be transmitted. 

[0081] Subsequently, each memory cell 101 can store data in the state where no 
crosstalk or the like is generated. 

[0082] (Timing chart of Row driver) 

[0083] Fig. 1 1 illustrates a timing chart illustrating the operation of the rowdriver 
110. At time tl , the address signal DY indicating that the time period of the first ^ub*aAie 
1 SF is started is transmitted from the control circuit (not shown) to the row driver 110. The 
row driver 110 transmits the shifted address signals Yi to the memory cells 101 on each row 
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in sequence via the plurality of address lines 1 1 1 based on the address signal DY. For 
example, at time t2, the address signal YO is transmitted to the memory cells 101 on the first 
row viaAe first address line 111. The memory cells on the first line latch the data signals D 
ahd^Djransmitted via the pairs of data lines 120a and 120b at the falling edge of the address 
signal YO, that is, at the rise of a signal WYO. Fig. 12 shows a timing chart illustrating the 
timing of transmitting the image-data signals DATA according to the clock signals CLX in 

the row direction. 

[0084] (Timing chart relating to Row and Column) 

[0085] Fig. 13 is a timing chart illustrating the relationship between the address 
signals DY on a predetermined row and the timing of writing the data signals DATA. For 
example, in the first ^hie 1SF, a predetermined row is selected by the address signal Yl 
and the image-data signals DATA along the column direction are written into the memory 

cells 101 at the same time. 

[0086] (The configuration of Phase-inversion-signal shift driver) 
[0087] Fig. 14 illustrates the schematic configuration of the phasjn^sion-signal 
shift driver 130. The phase-inversion-signal shift driver 130 compels a shift-register circuit 
130a including a plurality of registers having three inverters and an AND-logic circuit 130b 
including a plurality of AND gates. The shift-register circuit 130a has the serial-parallel 
conversion function. A phase-inversion signal DFC in pulse form transmitted to the first 
register is transferred to the second register and beyond according to the clock signals CLFC 
andSCLFC and output from each register. Each of the AND gates of the AND-logic circuit 
130b outputs the logical conjunction of the data transmitted from the two adjacent registers as 
the phase-inversion signal FC0 or the like. 

[0088] (Timing chart relating to Phase-inversion-signal shift driver) 

[0089] Fig. 15 shoai^timing chart of the phase-inversion-signal shift driver. A 
comparison -of -the-configuration of the row driver 110 (shown in Fig. 8) and that of the phase- 
inversion-signal shift driver 130 (shown in Fig. 14) clearly shows that the configuration of the 
row driver 1 10 and that of the phase-inversion-signal shift driver 130 are the same with each 
other. Therefore, the operation shown by the timing chart of Fig. 15 and the operation 
performed by the row driver 110 shown by the timing chart of Fig. 1 1 are identical with each 
other: Hese, £incd a signal YmO or greater and a phase-inversion signal FCmO or greater that 
are ou^pjitjj^mttejhi^^ correspond to the identical operations, respectively, the 
description therebf \uj}Ub£ojpamed. 
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[0090] (Timing chart relating to Image display) j^o 
10091] Fig. l€^aa/^a>Mning chart relating to operations performed ffcf display^ 
an image in the case where an optoelectronic-circuit substrate 100 is used. In this drawing, 
the phase-inversion signal FC0 and beyond are shifted in sequence according to the address 
signal Yi and beyond. For example, if the time period of the second sub-frame 2SF starts on 
the first row, an image corresponding to the first sub-frame 1 SF is displayed on the second 
row and beyond. According to this image-display method, it becomes possible to write 
continuously in the ^@mes without wasting time. The cycle of the signal DFC can be 
changed by changing the incidence of the signal DY even though the incidence of the clock 
signal CLY (CLFC) is not diang^d^ 
[0092] (Second/Embodiment) 

[0093] Fig. 1 7$4nlustrates the schematic con ^&^f\™° f a memor y cel1 400 of 3X1 
optoelectronic-device substrate according to a secon(limbodnjent of the present invention. 
The difference between the memory cell 101 of the first/embodiment and the memory cell 
400 of thisienSodim«it is that the memory cell 101 has the two analog switches SW1 and 
SW2 while the memory cell 400 has the analog switch SW2jlone. The other configuration 
of the memory cell 400 is the same as that of the first/eSbVdiment, the same parts w4tt*S CLn2 ' 
designated by the same reference numerals and the description thereof wULbTomitted. 
Further, since the configuration of the optoelei^c-device substtate^^hesame as that 



shown in Fig. 2, the description ihevcct^m^sMtted. In thi/embodiment, the phase- 
inversion-signal shift driver 130 has the function of generating a data-inversion potential, 
based on the phase-inversion signal FC. 

10094] Fig. 17^?hows the configuration of the memory cell 400 by illustrating the 
transistors thereof. Transistors Tl to T6 correspond to a storage-unit 401 and transistors T7 
to T10 correspond to the analog switch SW2. Thus, since the phase-inversion-signal shift 
-driver 130 functions as the analog switch SW1, the number of transistors forming the pixel 
can be reduced. Consequei^^pixel size can be reduced. 
[0095] (Thirdfembodiment) 

[0096] Fig. 1 8 shows the schematic configuration of an optoelectromc-d^e 
substrate according to a thirdy^^hnent of the present invention. This Embodiment is 
different from the first^nl&fimem in that two partial-column drivers 5 ^^ d ^° 0b m 
provided. Since the other configuration is the same as that of the first^mbodimerft, the same 
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parts are designated by the same reference numerals and the description thereof w*tt-be^ 
omitted. 

[0097] Since the above-described two partial-column drivers 500a and 500b are 
provided, it becomes possible to transmit data in parallel to the memory cells and reduce the 
quantity of data subjected to the serial-parallel conversion performed by the partial-column 
drivers. Subsequently, it becomes possible to display an image with high speed even though a 
large number of pixels are provided. Further, the number of the partial-column driver is not 
limited to two but can be three or more. Three partial-column drivers or more can handle 
pixels more than those in the above-described/embodiments. 

[0098] (Fourm/Emb'odiment) 

[0099] Fig. 21 illustrate^th|^chematic configuration of an optoelecfro^c-device 
substrate according to a fourtb/mbodiment of the present invention. This/embodiment is 
different from the first^mbt>5hnent in that a column-address decoder driver 1320 is provided 
in place of the column driver 120, a row-address decoder driver 1310 in place of the row 
driver 1 1 0, and a phase-inversion-signal driver 1 330 in place of the phase-inversion-signal 
shift driver 130. Since the other configuration of this optoelectronic-device substrate is the 
same as that of the first/embodiment, the same parts are designated by the same reference 
numeral and the description thereof is omitted. 

[01 00] A predetermined memory cell at an arbitrary address can be specified and 
selected by using row-address data RAD and column-address data CAD. The column-address 
decoder driver 1320 outputs pixel data that is to be stored in the selected address memory cell 
101 from the data lines (the second signal line|) 120a and 120b. 

[01 01] For example, a method fisf fewriting pixel data stored in a diagonally-shaded 
memory cell 1 01 P, the memory cell lOlPbeu^jone of-the plurality of memory cells 101 
shown in Fig. 21, will now b^considered/ In this case, the row-address data RAjSfef^ 
~seleGy£^e-address signalYl that is -output is transmitted to the row-address decoder driver 
1310~TtIrther, the column-address data CAD for selecting an output Dl and pixel data to be 
written in the memory cell 101P are transmitted to a display-data terminal of the column- 
address decoder driver 1320 at the same time. In this manner, it becomes possible to rewrite 
the pixel data stored in the memory cell 101P that is arbitrarily selected from among the 
plurality of memory cells 101 on a random basis, irrespective of the arrangement of the 
memory cells 101. As a result, it becomes unnecessary to transfer pixel data to be displayed 
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to memory cells 1 01 whose pixel data to be displayed needs not be rewritten. Subsequently, 
the power consumption required for the data-rewriting operation decreases. 

[0102] Fig. 22 shows the schematic configuration of the phase-inversion-signal 
driver 1330. The phase-inversion-signal driver 1330 includes a plurality of buffer amplifiers 
1 340. Each buffer amplifier 1 340 amplifies and generates a data-inversion potential 
according to the phase-inversion^signal DFC (the data-inversion potential corresponding to 
the Vcc or GND potential shox^t in Fig 5 . 3*)7 The phase-inversion-signal driver 1330 transmits 
the generated data-inversion potential-frolnoutputs FC0 to FCn to all the memory cells 101. 
Subsequently, it becomes possible to invert the phase of the potential of a voltage applied on 
the liquid crystal, the voltage being output from the pixel electrode, regardless of all the 
quantity of rewriting the memory cells 101, that is, the number of memory cells 101 to be 
rewritten. Therefore, it becomes possible to perform operations flSr refreslnXg display data 
applied on the liquid-crystal layer 15 (shown in Fig. 1). That is to say, it becomes possible to 
perform the phase-inversion process with cycles according to the liquid-crystal performance 
regardless of whether or not the display data is changed. Consequently, it becomes possible 
tc/prevent the image persistence on the liquid crystal by performing atmimmum of the 

lingoperations according to the performance of the liquid crystal. Further, it becomes 
possible to reduce the power requirements of an image-display device, such as a digitally- 
driven liquid-crystal display, an electronic apparatus, a projector, and so forth, the image- 
display device using tne r a b°^^2§fp bed optoelectronic-device substrate 1300. 
[0103] (Fifth/Embodiment) 

[0104] Fig. 19 illustrates the schematic configuration of a projector 600 according 
to a fifth/en^diment of the present invention. The projector 600 has a main unit 610 and a 
. .projection-lens system 620. The main unit 610 has a light-source unit 61 1 fisf supplyfofe light, 
a digitally-driven liquid-crystal disp^ay^|3mcluding the optoelectronic-device substrate 
according .tQ.me.above-described/^n^dln^nts, and a .control circuit 612 fW^controlK^g the 
digitally-driven liquid-crystal display 613. The projection-lens system 620 magnifies an 
image displayed on the digitally-driven liquid-crystal display 613 and projects the magnified 
image onto a screen 630. Since the projector 600 has the optoelectronic-device substrate 
according to the above-described^mbodiments, it becomes possible to project an image with 
high quality and high contrast according to a digital-driving method. Further, the power 
requirements of the projector60^(| ca^a be reduced. 
[0105] (Sixth /Embodiment) 
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10106] Figs. 20$, 20^and 20^show exampl^electronic apparatuses according 
to a sixtWe^odiment of the present invention, respectively. Fig. 20(# is a perspective view 
of a mobile phone 1000. The mobile phone 1000 has a liquid-crysta^display 1001 using the 
optoelectronic-device substrate of the present invention. Fig. 20Q$ is a perspective view of a 
wristwatch-type electronic apparatus 1 1 00. The wristwatch-type electronic apparatus 1 1 00 
has a liquid-crystal device 1 101 using the optoelectronic-device substrate of the present 
invention. Fig. 20^^ffs'a perspective view of an example mobile information-processing 
apparatus 120>*uch as a word processor, a personal computer, and so forth. The mobile 
information^pr^cessing apparatus 1 200 has an input unit 1 202 such as a keyboard or the like, 
an information-processing device 1204, and a liquid-crystal display 1206 using the 
optoelectronic-device substrate of the present invention. Since each of these electronic 
apparatuses includes the optoelectronic-device substrate according to the above-described «Zfe*W^ c, V 
embodiments, it becomes possible to obtain an image with high quality and high contrast 
according to the digital-driving method. Further, the power requirements of these electronic 
apparatuses can be reduced. The present invention is not limited to the above-described €j&e<~A**/ 
embodiments but can be modified in various ways within the scope of the spirit thereof. 



